Abstract: This paper intensively examines the effects of gender and seasons on impression factors of pictures using word pairs. Previous studies have presented four impression factors for females and males: Evaluation, Potency, Sharpness, and Freshness. However, this paper finds that, for males, the factor of Sharpness could more accurately be described as Tenseness. Additionally, the factor of Freshness could be more appropriately described as Dryness for both males and females, although they have different impressions. This paper also shows that several impression factors are affected by the season rather than the temperature.
INTRODUCTION
In recent years, impressions of multimedia data have been used in the retrieval of such multimedia data [1] [2] [3] [4] [5] [6] . Here, impression refers to how we feel about a piece of multimedia data. For example, the terms "fresh" and "clear" could be used to describe the impressions of a picture of some scenery. This paper further examines the impression factors of multimedia data.
The semantic differential (SD) method is often used to measure the degree of an impression [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The SD method uses subjective ratings of an idea, concept, or object by scaling opposite adjectives to study connotative meaning [7, 8] . We use the SD method in this study to investigate the effects because participants could more precisely catch and convey the meaning of the impression words by using pairs of impression words than single words.
Impression is affected by many factors, including nationality [9, 10] , motifs of paintings [11] , visual and sensory properties of textures [12] , calligraphic styles [13] , personality [14] , and mood [15, 16] . However, to the best of our knowledge, no study has yet examined the effect of seasons on an impression.
We therefore attempt to find the effects of season on impressions of various pictures [17] . Using pictures as a typical form of multimedia data, we conducted experiments to determine the effects of seasons on impressions of pictures and experimentally clarified their retrieval requirements. These experiments on picture retrieval based on impression were conducted in summer, autumn, and winter. For summer and winter conditions, the experiments were conducted under two settings: minimally air-conditioned and well air-conditioned. The results of previous study [17] indicate that the pictures requested might differ according to the season. There were significant differences between the scores of females and males for their impressions of pictures. However, females and males both found the pictures to be more beautiful in summer. In addition, there were several impression word pairs whose impressions differed with season and between females and males. Several impression word pairs are easily affected by the temperature [17] .
Potential impression factors are often obtained from experimental results through the application of factor analysis [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In their investigation into the effects of seasons on potential impression factors [18] , Tamai et al. applied factor analysis separately to the scores of females and males because there were significant differences between them and obtained the following four factors: Evaluation, Potency, Sharpness, and Freshness. They found that some factors differed slightly depending on whether the temperature was close to 25°C or not. Additionally, some impression word pairs seemed to explain different factors depending on the experimental results.
This paper intensively examines the effects of gender and season on impression factors of pictures by comparing the impression word pairs used. It is found that some factors have different impressions for females and males and that some impression factors may be affected by season.
The remainder of the paper is as follows. Section 2 describes the experimental method and the results obtained [17] . Section 3 explains the impression factors obtained [18] . Section 4 compares the impression words that explain the impression factors and reinterprets the impression factors. Section 5 gives some considerations. Finally, Section 6 concludes the paper.
EXPERIMENT
This section describes the experimental method and results obtained [17] .
Experimental method
The SD method was used for the evaluation. The sixteen impression word pairs shown in Table 1 and forty pictures of scenery, objects, animals, plants, and houses were used in the experiment.
First, the retrieval of requested pictures was evaluated through the impression word pairs in five steps, from −2 (do not require at all) to 2 (require very much). Then, the impressions of the forty pictures were evaluated in five steps, from −2 to 2.
The pictures were presented to each participant in a random order on a laptop computer with a 15.6″ LCD display.
The experiment was conducted in the summer, autumn, and winter. As an air conditioner with a heater was used in the summer and winter, we adopted two temperature settings: minimally air-conditioned (Setting A) and well air-conditioned (Setting B). Table 2 shows the room temperature settings in the summer and winter. The average room temperature of the experiments in autumn was 25.2°C.
The experiments under the two settings were conducted on separate days, which were not necessarily consecutive, starting with Setting A. The experiment for each setting took approximately one hour.
The participants were twelve students aged 21 to 24 years from the Kyoto Institute of Technology (five males and seven females). The progress of the experiment was as follows:
(1) We explained the procedure of the experiment to the participants. (2) Participants were asked to score sixteen impression word pairs using the five-step scale according to the willingness of the current request of pictures. (3) Participants were asked to score sixteen impression word pairs using the five-step scale for each picture.
Experimental results

Retrieval behavior
As no significant difference was found between the males' and females' scores for the retrieval request, we evaluated the experimental results together. 1) SD profiles Figure 1 shows the SD profiles, which are the lines binding the average values of the scores obtained from the experiments under settings A and B in summer and autumn, and settings A and B in winter.
The participants tended to retrieve pictures described as beautiful, natural, clear, wet, bright, relaxed, glad, and strong in all seasons. Significant differences are found between the average scores for the impression pair "bold-delicate" for setting B in summer and in autumn and between settings A and B in winter, with a significance level of 5%. In the well air-conditioned environment in summer, delicate pictures were preferred. A significant difference is also found between the average score of the impression pair "sharp-dull" in setting B in summer and in setting A in winter, with a significance level of 5%. In winter, "sharp" pictures were not preferred. A significant difference is found between the average score of the impression pair "glad-sad" in autumn and of the score for setting B in winter, with a significance level of 5%. In the well air-conditioned environment in winter, "glad" pictures were not preferred. 2) Dispersion of scores Figure 2 shows the standard deviations of the scores for the impression word pairs. Standard deviations of the scores of the impression word pair "fresh-stale", which were observed to be high in summer became low in winter. Conversely, standard deviations of the scores for the impression word pair "sharp-dull" were ow in summer and became high in winter. Those of the impression word pairs "hot-cold", "bright-dark", and "strong-weak" became high in summer, while those of the impression word pair "beautiful-ugly" became low in winter. The standard deviations of the scores for the impression word pairs "natural-artificial", "glad-sad", and "large-small" were high in summer and in winter.
Impressions of pictures
The results of the impressions of the pictures were evaluated [17] . There were significant differences between the males' and females' scores for the impression word pair "simple-complex" for all seasons, with a significance level of 5%. There were many significant differences between the males' and females' scores for the remaining impression word pairs, so we evaluated the males' scores separately from those of the females. 1) Trends for females Figure 3 shows the average scores of the females for all the pictures. A positive value shows that the score leans toward the left word of an impression word pair, and a negative value to the right. For example, the average scores of the impression pair "beautiful-ugly" are positive, which means that, on average, the participants consider the pictures to be beautiful. Conversely, the average scores of the impression pair "tense-relaxed" are negative, which means that, on average, the participants consider the pictures to be relaxing. The asterisk "*" indicates significant differences between a pair of experimental conditions, with a significance level of 5%. A bold line indicates that there are significant differences between the experimental results for the autumn setting and for both settings A and B of summer or winter. For example, the bold line above the average scores of the impression word pair "beautiful-ugly" in Fig. 3 .
There are significant differences between the average scores in summer and in autumn for the impression word pairs "beautiful-ugly" and "bold-delicate". The female participants found the pictures to be more beautiful and more delicate in summer. There are also significant differences between the average scores in winter and those in autumn for the impression word pairs "fresh-stale" and "clear-hazy". The females found the pictures neither as fresh nor as clear in winter. There are also significant differences between seasons for the impression word pair "bold-delicate". The females found the pictures more delicate in summer and winter than in autumn. 2) Trends for males Figure 4 shows the average scores of the males for all the pictures. There is a significant difference between the average scores in summer and those in autumn for the impression word pair "beautiful-ugly", as was the case for the females' results. Male participants also considered the pictures to be more beautiful in summer. However, there are significant differences between the average scores in summer and those in autumn for the impression word pairs "wet-dry" and "simple-complex", suggesting that the males found the pictures wetter and more complex in summer. For the impression word pair "simple-complex" there is also a significant difference for winter, which indicated that males did not consider the pictures as complex in winter. 
IMPRESSIONS FACTORS
Factor analysis
Factor analysis was applied separately to the scores of the females and the males because there are significant differences between them [18] . The scores for the five settings were also analyzed separately. Therefore, ten sets of scores were analyzed.
The number of factors adopted was determined using the criterion that the eigenvalue of a factor should be larger than one [18] . For all sets of scores, the number of factors was selected to be four. The cumulative contribution ratios to the fourth factors were over 70%. Tables 3-12 show the factor burden matrices obtained by applying the varimax rotation; "IWP" stands for "impression word pair". Tables 3-7 present the factor  burden matrices for females and Tables 8-12 present the factor burden matrices for males. The following criteria were used to determine how the impression word pairs explain a factor [18] :
• The impression word pair whose absolute value of the factor burden is the maximum among the four factor burdens.
• The impression word pair whose absolute value of the factor burden is over 0.1 larger than the absolute values of the other three factor burdens.
• The impression word pair whose absolute value of the factor burden is larger than or equal to 0.5. The impression word pairs selected for explanation are shaded in the tables.
Interpretation of impression factors 1) Female
The factors for the females were decided based on the factors obtained from the scores in autumn (Table 5) , which is considered to be the normal state. The first, second, third, and fourth factors were considered to be, respectively, Evaluation, Potency, Sharpness, and Freshness.
2) Male
As with the females, the factors for the males were decided based on the factors obtained from the scores in autumn (Table 10 ). The first, second, third, and fourth factors were considered to be, respectively, Evaluation, Potency, Sharpness, and Freshness.
However, the factors for males and females are not explained by the same impression word pairs, particularly the first and third factors: "sharp-dull", "fresh-stale", "warm-cold", "tense-relaxed", and "natural-artificial". Table 13 presents the impression words explaining each factor in at least four settings. Those obtained from four settings are presented in square brackets.
REVISED IMPRESSION FACTORS
Reinterpretation of impression factors
As shown in Table 13 , the females determined six impression words explaining the first impression factor, of which four were repeated by the males: "beautiful", "bright", "pleasant", and "clear". The impression words "warm" and "natural" also explained this impression factor for females. This impression factor is therefore considered to be almost the same for both females and males. This factor is labelled "Evaluation".
The impression words explaining the second factor are the same for both females and males. This factor is therefore considered to be identical for females and males, and is labelled "Potency".
However, the impression words explaining the third impression factor are different for females and males.
While the females determined the impression word "sharp", the males determined the impression word "tense". Therefore, for males, the third group could be more appropriately named "Tenseness" instead of "Sharpness". Despite their similarity, Sharpness and Tenseness are considered to be slightly different.
The impression words explaining the fourth impression factor were determined by females as "dry", "stale", and "complex" and by males as "dry" and "static". This factor was called Freshness, but these impression words indicate that the factor should be renamed "Dryness" for both males and females. Although the word "dry" is commonly included in the impression words explaining this impression factor for both females and males, the other words are different. This impression factor is thus slightly different for females and males. For females, this factor includes the impression of "stale" while it includes the impression of "static" for males. Table 14 shows the impression words explaining the impression factors obtained in three or fewer settings. The second factor is not shown in Table 14 because no impression words explained it.
Effects of the season 1) Females
The impression word "relaxed," which is paired with "tense", explained the first factor in temperatures around 25°C and the third factor when the temperature was lower than 20°C. Conversely, the impression word "tense" explained the third impression factor at around 28°C, while the females' third factor becomes close to the males' third factor when not around 25°C. The impression word "static" explained the fourth impression factor around 25°C. The females' fourth impression factor may become close to the males' one at around 25°C. 2) Males Table 15 shows the impression words explaining the impression factors for three or fewer settings. As for the females' results, the second factor is not included. The impression word "sharp" explained the third factor at around 25°C, whereas it explained the first factor at around 19°C, 23°C, and 28°C. As the impression word "sharp" explained the third impression factor around 25°C, the males' third factor may resemble the females' factor at around 25°C. The impression words "fresh" and "cold" explained the first and third impression factors not around 25°C, respectively.
The impression word "complex" explained the third impression factor in winter and possibly the fourth factor in autumn and summer. As the impression word "complex" explains the fourth impression factor in summer and autumn, the males' fourth factor might be close to that of the females in summer and autumn.
CONSIDERATIONS
Requests for pictures
Regarding the requests for pictures, there are no significant differences between the scores of the females and the males. Delicate pictures are preferred in the well air-conditioned environment in summer. Kaihara et al. revealed that the scores for tense, anger, and depression factors tend to become low in summer [19] , which might determine the retrieval preference of delicate pictures. Neither sharp nor glad pictures are requested in winter. Kaihara et al. revealed that the participants experienced depression in winter [19] ; thus, the results obtained in this paper are consistent with their results.
There are some impression word pairs that have scores with high standard deviations in summer and low values in winter, while other impression word pairs have scores with low standard deviations in summer and high values in winter. Here, it is possible that the participants' experiences of the evaluations might have produced scores with similar values, which might result in the low standard deviations of the scores. As the evaluations were conducted in summer first, in autumn second, and in winter last, the low standard deviations of the scores obtained in winter might be affected by the participants' experiences of the evaluations. Nevertheless, this explanation fails to explain the results for the word pairs "sharp-dull", "beautiful-ugly", "natural-artificial", "glad-sad", and "large-small", where the standard deviations of the scores became high in winter. Therefore, in winter, there may be some dispersion of the requests for pictures.
Impressions of pictures
While the females and males both considered the pictures more beautiful in summer, there are significant differences between their scores. The females considered the pictures more delicate in summer, but neither fresh nor clear in winter. Conversely, males considered the pictures wetter and more complex in summer than they did in winter. We must take account of these trends when retrieving pictures.
There are some impression word pairs, that have significant differences between the average scores for settings A and B, but not between the females' average scores for "bold-delicate" in setting B in winter and in autumn or between the males' average scores for "clear-hazy", "hot-cold", and "glad-sad" in summer and in autumn. As the temperature in autumn is similar to that in setting B in summer and in winter, the similar temperature is considered to be the cause of the lack of significant difference. Thus, it is important to consider the effect of temperature when it differs from that in autumn.
Impression factors
A previous study proposed impression factors of Evaluation, Potency, Sharpness, and Freshness for both females and males [18] . However, this paper determined that the fourth impression factor for females might be Dryness, and the third and fourth factors for males might be Tenseness and Dryness. As the third impression factor for females is Sharpness and that of males is Tenseness, these factors are different. Although the fourth factor for males and females is Dryness, the impression is slightly different because the impression factor for females includes "stale" while that for males includes "static".
The previous work indicated that the differences in the impression factors between the settings might be caused by temperature [18] . However, this study found that, while the impression word "complex" explains the third impression factor in winter, and it might also explain the fourth impression factor in autumn and summer, mostly likely because of the season rather than the temperature.
CONCLUSION
This paper intensively examined the effects of gender and season on the impression factors of pictures by comparing impression word pairs explaining the impression factors. The findings change the four factors found in previous work from Evaluation, Potency, Sharpness, and Freshness to Evaluation, Potency, Sharpness, and Dryness for females and Evaluation, Potency, Tenseness, and Dryness for males. Although Dryness is used for the fourth factor for females and males, the females' Dryness factor is includes the impression of "stale" while that of the males includes the impression of "static". The impression factors of Tenseness and Dryness for males were explained by the impression word "complex" in winter and in autumn and summer, respectively. Thus, it is considered that the season influences the impression factors of pictures.
This study has several limitations that will direct our future work. First, as the experiments in this paper did not include an experiment in spring, our future work will focus on conducting an experiment in spring. The experiment herein involved only Japanese undergraduate students in their twenties evaluating pictures. To make extend our work, we will include experiments using other types of media data, e.g., music pieces and videos, which will be evaluated by participants of various nationalities and ages. The design and implementation of a seasonal adaptation of picture retrieval using the trends obtained from this paper will also be the focus of future work.
